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ABSTRACT 
Ion exchange chromatography and gel filtration have 
been reported to yield partial separation of mycobacterial 
antigens. These procedures were used in combination 
with isoelectric focusing in an attempt to purify antigens 
of Mycobacterium tuberculosis strain H37Ra. The fraction-
ating action of isoelectric focusing is dependent upon 
differences in the isoelectric points of the proteins 
to be separated. Culture filtrate of M. tuberculosis 
H37Ra was chromatographed on Sephadex G-200. This 
resulted in 2 widely separated peaks. The first peak, 
presumably containing high molecular weight substances, 
was then fractionated on a DEAE Sephadex anion exchange 
column. Three peaks were collected and each was subjected 
to isoelectric focusing. Each peak was further separated 
into 2 or more fractions. The serological reactivity of 
each fraction was determined by immunodiffusion and 
immunoelectrophoresis. Sensitized guinea pigs were also 
skin tested with the fractions. Two of the fractions 
contained only a single precipitinogen. One fraction 
contained 2 precipitinogens. A fourth fraction contained 
3 precipitinogens, and was also the only fraction to display 
vi i i 
sensitin activity, Four of the fractions were inactive 
either as precipitinogens or sensitins. The results 
suggest that the methods described are useful for the 
separation of mycobacterial antigens. 
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SEPARATION OF MYCOBACTERIAL SOLUBLE ANTIGENS 
INTRODUCTION 
It has been demonstrated by different investigators 
that culture filtrates and cell extracts from Mycobacterium 
tuberculosis contain a multipl icity of antigens. Seibert 
(1949) was among the first to attempt to isolate and 
purify such antigens. Chemical techniques were used to 
fractionate mycobacterial culture filtrate into three 
proteins and two polysaccharides. Employing disc electro-
phoresis, it has since been demonstrated that both 
culture filtrates and cell extracts contain as high as 
26 protein components. Lind (1961) has demonstrated 
that as many as 17 culture filtrate components are active 
as precipitinogens. 
The techniques which have been util ized in attempting 
to isolate and purify these antigens have varied and 
include: ammonium sulfate precipitation, acid and 
alcohol precipitation, organic solvent extraction, disc 
electrophoresis, column chromatography, ultra-filtration 
and ultra centrifugation. Chemical methods of extraction 
and fractionation usually result in an incomplete 
separation of antigens; in addition the proteins may be 
denatured during the fractionation process. Methods of 
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fractionation which depend on differences in the physical 
properties of the antigens may be less destructive and, 
in practice have a greater power of resolution. 
The technique of isoelectric focusing has recently 
been developed. The process separates proteins with 
dissimilar isoelectric points. This technique has been 
used in combination with gel filtration and ion exchange 
chromatography in an attempt to fractionate and purify 
mycobacterial antigens and the results are described in 
this thesis. 
REVIEW OF LITERATURE 
I. THE MULTIPLICITY OF MYCOBACTERIAL ANTIGENS 
Within the field of mycobacterial research the 
search for purified mycobacterial antigens was begun 
long ago. A current concept is that purified antigens 
will bring increased specificity in diagnostic tests, 
such as in the tubercul in skin test and certain sero-
logical tests. It is also hoped that a more potent 
immunogen than the ones currently available will be 
isolated. In addition the study of the relationship of 
purified components to species specificity may be of 
taxonomic value. 
Florence Seibert was a pioneer in the attempt to 
describe mycobacterial antigens. An ammonium sulfate 
protein precipitate cal led purified protein derivative 
(PPD) was developed by her and co-workers (Seibert and 
Dufour, 1940). This preparation is still used today in 
screening for individuals who may have tuberculosis. 
In addition she util ized a method of low temperature 
alcohol fractionation to separate protein and carbohydrate 
components from mycobacterial culture filtrates (Seibert, 
1949). By varying the alcohol concentration and the pH, 
three protein fractions and two polysaccharide fractions 
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were obtained. The proteins were cal led proteins A, B, 
and C. The polysaccharides were termed polysaccharides 
1 and I I. A gel diffusion technique used by Seibert and 
Soto-Figueroa (1957) demonstrated that each of the 
protein and polysaccharide fractions contained two or 
more antigens. The chemistry of culture filtrates has 
since been extensively studied. 
Serological methods such as complement fixation 
and agglutination have been used in attempting to 
describe mycobacterial antigenic components. According 
to Boyden (1958) these methods were inadequate because 
they did not have the resolving power needed for the 
analysis of the variety of antigen components present 
in culture filtrates of the tubercle bacilli. When 
the double diffusion method described by Ouchterlony 
(1958) came into use, greater resolving power became 
available. By using this technique Lind (1961) demon-
strated the presence of at least 17 separate antigenic 
factors in filtrates. These factors possessed at least 
part of the characteristics of true antigens in that 
they reacted serologically with the appropriate antibody. 
However, it was not proven but seemed to be assumed by 
Lind and many of the investigators reported herein that 
the components which reacted with the antisera would, 
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if purified and injected into an animal, induce the 
production of antibody. Lind (1960) also used the double 
diffusion technique to compare the antigenic composition 
of 9 species of mycobacteria. He was able to see antigenic 
differences between 8 of the 9 species studied. These 
were~. tuberculosis, M. avium, M. balnei, M, fortuitum~ 
M. marianum, M. marinum, M. phlei and M. smegmatis. 
No differences were seen between M, tuberculosis, M. bovis, 
and M. bovis strain BeG. These results indicate that 
antigenic differences do exist among species. Thus 
credibi I ity is given to the bel ief that specific antigens 
do exist, and therefore can be isolated. 
Other methods have also indicated that many anti~ 
genic factors are present in culture filtrate. Affronti 
et al. (1965) precipitated the protein from M. tuberculosis 
strain H37Ra culture filtrate by 100% saturation with 
ammonium sulfate. They used the technique of disc 
electrophoresis described by Ornstein and Davis (1962) 
to examine the proteins present in the precipitate and 
found 19 bands which stained for protein. A polysaccharide 
fraction equivalent to Seibert's polysaccharide (Seibert, 
1949) was electrophoresed and stained with periodic acid-
Schiff stain for carbohydrate. Three bands were seen. 
Affronti's results indicated that at least 19 protein 
components and 3 polysaccharides were present. Dietz 
et al (1966) used disc electrophoresis to demonstrate 
that as many as 26 protein staining factors exist in 
H37Ra culture filtrate. 
I I , EXTRAC ED IMMUNOGENS 
6 
Investigators have used a variety of extraction 
techniques as they attempted to obtain an effective 
imrTlunogen. Some of the solvents used were urea, phenol-
water, alkal ine ethanol, methanol, chloroform and borate. 
The substances ext racted by the so 1 vents fit into 3 
classes: 1 ipids, polysaccharides and proteins. 
A. L.ipids. 
According to a fractionation scheme based on 
Anderson's work (1943), the 1 ipids were separated into 
six components: acetone soluble fats, wax A, phospha-
tides, wax B, wax C, and wax D. 
The acetone soluble fats which were completely 
soluble in ice-cold acetone were found by Yamasaki (1938) 
and other workers to be non-immunogenic. 
Wax A was soluble in boil ing acetone but not in cold 
ace ton e . Ace 0 r din g t 0 Crow 1 e (1 962 a) i t con t a i ned est e r s 
of fatty acids with phthiocerol plus the fatty acid 
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mycol ic acid. It was also nonprotective. 
Wax B was a complex mixture of waxes and glycerides. 
It was extracted along with waxes C and 0 with chloroform 
from tubercle bacilli already extracted with ether-
alcohol. Wax B was soluble in an ether-methanol solution. 
Waxes C and 0 were not. Crowle (1962a) found that wax B 
was immunogenic for mice. Terai, Nagasuga (1963) also 
found it to be protective. 
Wax C and wax 0 were separated by boil ing acetone. 
Wax 0 was insoluble and wax C was soluble. Wax Chad 
constituents in common with waxes A and B plus trehalose 
6-6 1 -dimycolate more commonly cal led cord factor. Cord 
factor was described by Bloch et al. (1953). He extracted 
cord forming strains of mycobacteria with petroleum ether. 
His extract was found to be toxic for mice. Philpot and 
Wells (1952) found that cord factor did not protect guinea 
pigs against Mv tuberculosis, and Crowle (1962a) found 
wax C (cord factor) to be nonprotective. 
Wax 0 was probably identical to the Pmko 1 ipid 
described by Block, et al. (1953). According to Crowle 
(1958) wax 0 differed from the other 3 waxes. It 
consisted almost entirely of a polysaccharide ester of 
mycol ic acid. There were confl icting reports as to the 
state of wax 0 and/or Pmko. Crowle (1962a) tested Pmko 
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as isolated by Choucroun's (1947) method and found it to 
be immunogenic. He also isolated wax D following Anderson's 
(1943) technique. It was nonimmunogenic. Smith and 
Robertsen (1962) stated that Pmko was nonprotective. Wax 
D was found by Hoyt et al. (1957) to be protective for 
mice. 
The lipid component left to be considered was 
phosphatide. In Anderson's (1943) scheme, it was soluble 
in ether but insoluble in either cold or hot acetone. 
One method for the isolation of phosphatide involved the 
methanol extraction of acetone washed tubercle bacilli. 
I , 
The methanol extract was cal led l'antigene methyl igue 
by Boquet and Negre (1923). This substance was primarily 
a phosphatide which resembles lecithin. But according 
to Crowle (1958) it also contained some fats, waxes, and 
nitrogenous materials. There were also conf1 icting 
I I 
reports on the immunizing capacity of l'antigene methyl igue. 
Dubos, et a1. (1956) and Negre (1950) found it to be 
immunogenic but Crowle (1958) reported it as nonimmunogenic. 
A method for the purification of phosphatide was described 
by Takahashi et al. (1961) who showed that specific anti-
bodies were produced in the tuberculous animal against 
this phosphatide moiety. They did not show that it was 
immunogenic. 
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Summarizing the reports of the immunogenicity of 
1 i pi ds: 
Acetone soluble fats non immunogenic 
Wax A nonimmunogenic 
Wax B immunogenic 
Wax C (cord factor) non immunogenic 
Wax D and/or Pmko confl icting reports 
as to immunogenicity 
Phosphatid¥s and/or antig~ne methyl ique 
B. Polysaccharides. 
confl icting reports 
as to immunogenicity 
Crow 1 e (1 962 b) ext r act edt u b e r c 1 e b a c ill i wit h 
acetone. He then dried and ground them into a fine 
powder, which he suspended in water. Trypsin was added 
to a concentration of .005%. This solution was then 
incubated, dialyzed, evaporated and lyophil ized. He 
cal led this product trypsin extract antigen. I twas 
found to be as immunogenic as acetone kil led whole 
bacilli. The trypsin extract antigen was considered 
to be proteinaceous in nature. Crowle treated the 
substance with several enzymes: pepsin, papain, chymo-
trypsin, carboxypeptidase, alpha and beta amylase, RNase 
and DNase. He subjected it to acid hydrolysis and 
oxidation with periodate at pH 4.0 and pH 7.4. The 
proteins, peptides, 1 ipids, and nucleic acids were 
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destroyed without destroying the immunogenicity of 
the product. Periodate, which degrades some carbohydrates 
to formaldehyde and formic acid, destroyed the protective 
capacity of the antigen. He concluded that the active 
substance in the trypsin extract antigen was a polysaccharide. 
Crowle and Hu (1965) separated the extract into 3 fractions 
by electrophoresis at a pH of 8.2 in barbital buffer. 
Only one of these fractions was active as an immunogen. 
The two inactive fractions moved towards the cathode. 
One was a heavy polysaccharide, the other was thought 
to be a peptide. The active fraction moved toward the 
anode and had an electrophoretic mobil ity l.8 times that 
of human serum albumin. Two alternatives for the compo-
sition of this immunogenic fraction were proposed. It 
may be a polysaccharide bound to a negative peptide 
or a strongly charged acidic polysaccharide or mucopoly-
saccharide. They found that it was a poor precipitinogen 
and did not induce humoral antibody. 
Takahashi et al. (1960) found that a polysaccharide 
prepared from urea extracts of defatted tubercle bacill i 
was immunogenic. 
Other workers have had less success with polysaccharide 
antigens. Smith et aI. (1968) reported that they were 
unable to protect mice with Crowle's polysaccharide. 
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Jespersen and Magnusson (1956) i so 1 ated two po 1 ysacchar ides 
from virulent tubercle bacilli. These polysaccharides 
were not immunogenic. 
C. Proteins. 
Several workers, Krause (1911), Smithburn et al. (1934), 
and Seibert and Fabrizio (1952) demonstrated that tuber-
culoproteins from culture filtrates or from bacillary 
extracts will induce the production of humoral anti-
bodies but not immunity to tuberculosis nor delayed 
hypersensitivity. Choucroun (1947) reported that a 
protein extracted by mineral oil from tubercle bacill i 
was not immunogenic but would induce delayed hyper-
sensitivity. Crowle (1962c) reported that tuberculopro-
tein will induce the production of circulating anti-
bodies but not delayed hypersensitivity. He stated that 
a wax extracted by chloroform from tubercle bacill i was 
responsible for the latter, i.e., if the tuberculo-
protein was injected along with the wax, typical tubercul in 
hypersensitivity was induced. The wax, according to 
Crowle, acted as an adjuvant. 
Other groups are working to determine the immuno-
genicity of cell walls and protoplasmic components. 
Ribi et a1. (1966) found that BCG cell walls suspended 
in petroleum oil were highly immunogenic. But when the 
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oil was replaced by buffer, the antigen lost much of its 
activity. They postulated that the interaction of the 
oil with the cell wall activated a protective antigen. 
Youmans and Youmans (1966) prepared a ribosomal 
fraction which contained 15-20% protein. This fraction 
was immunogenic even after treatment with trypsin. 
RNA extracted from the ribosomal fraction was highly 
immunogenic when incorporated in Freund's incomplete 
adjuvant (Youmans and Youmans, 1969). 
I I I. METHODS DESIGNED FOR PURIFICATION 
The majority of the investigators extracting the 
previously described components appeared to be more 
intent on characterizing the extracted materials with 
reference to their chemical composition and immuno-
genicity rather than in obtaining purified homogeneous 
products. Other researchers have placed as great an 
emphasis on purification as on characterization. 
Yoneda and Fukui (1965) used ammonium sulfate 
fractionation methods to separate the culture filtrate 
of M. tuberculosis into three fractions. The first 
fraction precipitated when the culture filtrate was 
30% saturated with ammonium sulfate. The second 
fraction came down with 30-50% saturation. The third 
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precipitated at 50-80% saturation. Each of the fractions 
was subjected to zone electrophoresis and ion exchange 
column chromatography. From the several components 
present in the ammonium sulfate fractions, two distinct 
antigenic components were finally isolated. These were 
called alpha and beta proteins. They were precipitinogens 
which were seen to be nonidentical in the double diffusion 
test. Neither protein acted as a sensitin in tubercul in 
sensitive guinea pigs. The molecular weights of the 
alpha and beta components were approximately 30,000 and 
100,000 respectively_ The alpha and beta proteins were 
compared with Seibert's (1949) proteins A, Band C. 
Proteins A, Band C all contained alpha protein but none 
of the 3 contained beta protein. Baer and Chaparas 
(1963) separated the culture filtrate of M. bovis BCG 
into dialyzable and nondialyzable components. The 
dialyzable components were largely carbohydrate. The 
nondialyzable materials contained high concentrations 
of both carbohydrate and protein. The dialyzable and 
nondialyzable materials were fractionated by Sephadex 
G-25 and G-50 chromatography (Chaparas and Baer, 1964a; 
Chaparas and Baer, 1964b). In addition the nondialyzable 
material was separated into acid-soluble and acid-insoluble 
components. Eleven fractions were obtained by chromatography 
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of the dialyzable and nondialyzable components. Double 
diffusion tests showed that all but one of the fractions 
contained two or more components which were reactive as 
sensitins and/or precipitinogens. Many of the fractions 
shared components. Of all the fractions only one 
isolated from the dialyzable material was a homogeneous 
solution containing one component. This component was 
also common to other fractions. All of the Chaparas and 
Baer fractions possessed skin sensitin activity. 
The fractionation of M. tuberculosis culture fil-
trate was also carried out by Knicker and Laborde (1964). 
DEAE cellulose was employed for ion exchange chromatography 
A reproducible chromatographic pattern consisting of 
several fractions was achieved. Each of the fractions 
contained 2 or more antigenic components and some 
components were common to more than one fraction. The 
culture filtrates of several mycobacterial species were 
chromatographed and compared. In anyone culture filtrate 
containing about 20 antigens, about one-fourth of those 
antigens were species specific, one-fourth seemed specific 
for a single strain, i ,e" the avirulent strain of M. 
tuberculosis H37Ra had approximately one-fourth of its 
antigens distinct from the virulent strain of M. tubercu-
losis H37Rv. About one-half of the total number of 
1 5 
antigens cross reacted with other mycobacterial species. 
Once again, these data indicated that it should be 
possible to isolate specific antigens. Knicker (1965) 
attempted to further fractionate and purify these antigens 
using Sephadex G-25, G-50 and G-75 in gel filtration 
chromatography_ Further separation was not achieved. 
Diena et al. (1968) have used DEAE cellulose to 
fractionate a cell extract from M. bovis BCG. Five peaks 
were obtained. The first 3 peaks were largely carbohydrate 
and the last 2 were mainly protein. They used these 
fractions to skin test BCG immunized guinea pigs. All 
but the first fraction contained sensitins. Further 
purification of the first fraction on Sephadex G-25 
and G-100 showed it to be a mixture of carbohydrates 
of various molecular sizes. The number of active antigenic 
components present was not determined. Bentonite particles 
were sensitized with the material from the first peak. 
These particles were then used in a bentonite flocculation 
test for the detection of tuberculosis in cattle (Wallace 
eta 1 ., 1 968) . The res u 1 t s 0 f the t est we rep rom i sin gin 
that the number of false positive results was reduced 
compared to other serological tests. Thus the specificity 
of the test was improved by using the first peak of the 
fractionation run. 
16 
Beam, Stottmeier and Kubica (1969) used ultra-
centrifugation to sediment all the high molecular weight 
substances from protoplasmic extracts of mycobacterial 
species. The supernant material was filtrated through 
a membrane having a pore size of 0.45 nanometers (nm). 
The filtrate contained only peptides with molecular weights 
1 e sst han 1 0 , 000 . L Y op h i liz at i on 0 f the f i 1 t rat ere s u 1 ted 
in the formation of a yellow powder termed purified proto-
plasmic peptide (PPP). The antigenic activity of this 
peptide preparation was evaluated by Stottmeier et al. 
(1969). In examining species cross-reactivity, PPP 
was found to be more specific than PPO in its activity 
as either a sensitin or a precipitinogen. However the 
sensitivity of PPP was much less than the sensitivity of 
PPO. These results seem to contradict the previously 
discussed results of Wallace et al. (1968) who found 
that specificity was characteristic of the carbohydrate 
fraction. It may be that specificity resides both in 
the peptide and in the carbohydrate components. 
o i e t z eta 1. (l 969) use d dis c e 1 e c t r op h 0 res i s to 
fractionate a cell extract from M. kansasii. Four major 
zones were observed. Each zone contained more than one 
band. All zones contained material active as a sensitin 
but none were more specific than PPO-Y (PPO from 
1 7 
M. kansasii). 
Culture filtrates of ~. bovis were subjected to disc 
electrophoresis by Roszman et a1. (1968). Glass columns, 
1.1 x 10 cm were used. After electrophoresis the bands 
were cut from the polyacrylamide gel and the components 
were eluted into phosphate buffered sal ine. When one 
band from a 7% acrylamide column was electrophoresed again 
on a 10% acrylamide column, 6 bands were obtained. Some 
bands contained only single components which were species 
s p e c i f i c , i. e ., the y rea c ted on I y wit han t i bod y from an 
animal which had been previously injected with the 
homologous culture filtrate. Sensitin activity was not 
tested. These results suggested that the technique of 
disc electrophoresis would be valuable for the purification 
of mycobacterial antigens. 
IV. lSOELECTRIC FOCUSING 
The technique of isoelectric focusing has recently 
come into use (Haglund, 1967) and promises to be useful 
for the separation of mycobacterial proteins. This 
process has 2 main appl ications: the separation of high 
molecular weight amphoteric molecules and the character-
ization of proteins by their isoelectric points (ip). 
Isoelectric focusing operates on the principle that a 
18 
protein will migrate within an electric field as long 
as that protein molecule remains charged. If the pH of 
the environment becomes equal to the protein's isoelectric 
point, the molecule becomes electrically neutral and no 
longer migrates within the field. The environmental con-
ditions within an isoelectric focusing column range from 
a low pH at the anode to a higher pH at the cathode. The 
pH gradient is maintained by carrier ampholytes which are 
low molecular weight polyamino-polycarboxyl ic acids. They 
vary in their isoelectric points. During focusing the 
ampholytes are stabil ized at different levels within the 
column depending on their isoelectric points. Thus a 
pH gradient is imposed upon the column. A protein mole-
cule moves within the electric field of the column until 
it reaches the level where the pH is equal to its own 
isoelectric point; the migration of the molecule ceases 
and it is focused at that level. A protein with a high 
ip will stabil ize near the cathode and one with a low 
ip will be found near the anode. A sucrose density 
gradient is present within the column to prevent mixing 
of the focused materials by convection. 
It is claimed that this technique can separate 
proteins with no more differences in their isoelectric 
points than .02 pH units. Susor et ale (1969) reported 
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that certain enzymes which had previously been considered 
to be homogeneous were resolved into several components 
each having enzymatic activity. Murgita and Vas (1970) 
were able to treat whole human serum and consistently 
obtain pure gamma globul in by isoelectric focusing 
procedure. At the same time the isoelectric point was 
determined for the various fractions of the serum. 
In reviewing the 1 iterature it is evident that many 
methods have been used to attempt to purify mycobacterial 
antigens. Some techniques provided for greater resolution 
than others. A combination of the use of several techniques 
seems to be desirable. 
In the present investigation, a working hypothesis is 
that the simpler technique of gel filtration could narrow 
down the number of components within a sample, then the 
complex methods of ion exchange chromatography and iso-
electric focusing could be used to achieve more critical 
separations. In addition, the isoe1ectrofocusing 
procedure would have the advantage of characterizing the 
isoelectric point of the now more purified proteins. 
MATERIALS AND METHODS 
I. CULTURE GROWTH 
An avirulent strain of M. tuberculosis, H37Ra, 
received from the Trudeau Institute, Saranac Lake, New 
York, was grown for 3 weeks on Lowenstein-Jensen agar 
slants. Several colonies were transferred to a bottle 
containing 150 ml of modified Sauton 1 iquid medium. 
The inoculum was floated on the medium. 
The formula for the medium follows: 
Modified Sauton Medium 
Glycerol 50 m} 
Citric acid 2.0 gm 
Magnes i um sulfate 0.5 gm 
Dipotassium phosphate 0.5 gm 
Ferric ammonium citrate .05gm 
Sodium glutamate 4.0 gm 
Water to 1 1 iter 
When a pell icle had formed on the surface of the 
medium in the bottle, an inoculating loop was used to 
transfer a piece of the pell icle to each of 20 2 1 iter 
flasks containing 1.5 1 iters of the same medium. Again, 
the inoculum was floated on the medium. The flasks were 
incubated at 37C for 10 weeks. At the end of the incubation 
period, a heavy pellicle covered the entire surface of 
the medium. 
I I. HARVESTING PROCEDURES 
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At the end of the 10 week incubation period, phenol 
was added to each flask to a final concentration of 0.5%. 
The flasks were agitated vigorously and left in the 
incubator for 48 hours. Every eight hours the flasks were 
shaken to insure that all the bacilli were exposed to the 
phenol. After 48 hours the culture medium was decanted 
from the cells into a 20 1 iter flask which served as a 
settl ing bottle. After standing overnight most of the 
bacillary mass had settled to the bottom. The medium 
was siphoned from the sediment and run through a series 
of 2 more settl ing bottles. The cells remaining in the 
medium were removed by Seitz filtration. The resulting 
culture filtrate was concentrated to 0.1 volume by per-
vaporation. Dialysis tubing (Arthur H. Thomas Co., 
Philadelphia, Pa.) was fil led with the culture filtrate 
and suspended in front of an electric fan. 
I I I. COLUMN CHROMATOGRAPHY 
A. Gel Fil ra ion - Sephadex G-200. 
A 2.5 x 100 em Sephadex laboratory column model K 
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25/100 (Pharmacia Fine Chemicals, Inc., Piscataway, N. J.) 
fitted with flow adaptors was fil led with Sephadex G-200. 
The Sephadex had soaked overnight in the eluting buffer. 
The eluting 1 iquid was 1/15 molar phosphate buffer pH 7.0. 
The buffer contained 0.1% sodium azide. During the 
chromatographic process the buffer flowed upward through 
the column. A polystal ic pump (Buchler Instruments, Fort 
Lee, N. J.) placed between ~e reservoir and the column 
maintained a constant flow rate. The eluate from the 
column was analyzed by a uv analyzer, model UA-2 (Instru-
mentation Specialties Company, Inc., Lincoln, Neb.) using 
a wavelength of 254 nm. The absorbancy of the eluate 
was recorded throughout the run. The eluate was col lected 
in a circular fraction col lector, model A (Instrumentation 
Specialties Company, Inc., Lincoln, Neb,). The column 
was roughly cal ibrated using normal human serum. The 
macroglobul ins appeared within 127 ml, therefore the void 
volume of the column was approximately 127 ml. 
B. Ion Exchange Chromatography - DEAE Sephadex. 
In order to obtain reproducible results, a prescribed 
method of preparing the column was strictly adhered to. 
The system was patterned after a method used by Knicker 
(1965). Three buffers were used. First wash buffer: 
all iter volume of 0.01 M Na2HP04 was adjusted to pH 8.1 
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by adding 0,01 M KH2P04. Limiting buffer: 0.01 M KH2P04 
( pH 4. 5 ) . Fin a I was h b u f fer: 0 . 3 M N aH 2 PO 4 (p H 4. 5 ) . 
Al I 3 buffers contained 0.1% sodium azide. 
The bed was prepared by soaking 7.0 g of DEAE 
Sephadex in ]050 ml of the first wash buffer for 24 hours. 
After soaking, the pH of the gel was 6.5. A 2.5 x 45 cm 
Sephadex column, model 25/45 (Pharmacia Fine Chemicals, Inc., 
Piscataway, N. J.) was packed with the gel and the bed was 
washed with the first wash buffer until the eluate coming 
from the column had a pH of 7.5. The flow was downward 
and no flow adapters were used. 
During the first part of the fractionation run, 
a system of constant molarity but decreasing pH was 
used. A 600 ml round bottomed flask was fil led with 
300 ml of the first wash buffer (pH 8. I). An ident lcal 
round bottomed flask was fi I led with 300 ml of limiting 
buffer (pH 4.5). The flasks were connected with a 
small siphon tube. The buffer in the final flask was 
stirred gently with a magnetic stirrer. As the wash 
buffer in the first flask was pumped to the column, the 
I imiting buffer from the second flask was siphoned over 
and the pH of the buffer going to the column gradually 
dec rea sed. The f I ow rat e was 12m I per h 0 u r . At 
approximately 35 hours the buffer was changed to 1 imiting 
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buffer only. At 50 hours the buffer was changed to the 
final wash buffer. At 85 hours the final wash buffer 
was made 1.0 molar in sodium chloride and used to elute 
the column. The optimum time to change buffers varied 
from run to run depending on the volume of sample put 
on the column. The graph shown in the results (Figure 7) 
indicates approximately when to change buffers and can 
be used as a guide. The eluate was analyzed and collected 
as described in chromatography. 
IV. ISOELECTRIC FOCUSING 
An isoe1ectric focusing column, model 8101 (LKB 
Instruments, Inc., Rockvi 11e, Md.) having a volume of 
110 m1 was used. The power supply was a high voltage, 
low power rectifier, model 3371-0 (LKB Instruments, Inc., 
Rockville, Md.) with an output voltage range of 0-1200 
volts d-c. The column was kept at a constant temperature 
with a refrigerated circulator, model K-2/R (Lauda Division, 
Brinkman Instruments Inc., Westbury, N. Y.). 
Focusing reagents: 
Dense elec rode solution 
Ethanolamine 
(or sodium hydroxide) 






Light electrode solution 
Phosphoric acid 




These reagents are used as described when the column is 
operated with the cathode at the bottom. If the polarity 
is to be reversed, the sucrose is then put into the 
phosphoric acid solution instead of the ethanolamine 
solution. 
Dense ampholyte solution. 
The concentration of ampholytes can vary 
between 1.0 and 10.0%. A 1.0% concentration 








Reagents are mixed and diluted to 50 ml with 





Sample solution-less than 50.0 ml 
Reagents are mixed and diluted to 50 ml with 
distilled water. 
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The dense electrode solution was put on the column 
first, then the ampholyte solutions were layered on using 
a gradient mixer, model 8121 (LKB Instruments Inc., Rock-
ville, Md.). The first chamber of the mixer was fil led 
with the dense ampholyte solution. The second chamber 
was filled with the 1 ight ampholyte solution. The 2 
chambers were connected at the bottom with rubber tubing. 
As the dense solution flowed directly into the column, 
the 1 ight solution ran into the first gradient mixing 
chamber where it was mixed with the dense solution. 
Therefore the dense solution was gradually diluted and 
the sucrose gradient was imposed on the column. When 
this process was first started, care was taken to insure 
that no mixing occurred between the dense electrode 
solution (already on the column) and the ampholyte 
solution. A sharp interface was seen between the two 
media. Next, the 1 ight electrode solution was layered 
on top of the ampholyte solution. The circulating cooler 
was adjusted to keep a constant temperature of 4 C. The 
cathode and anode electrodes were attached. The power 
supply was turned on; the voltage and amperage were 
adjusted till the output wattage was between 2 and 3 
watts. As the run continued the amperage dropped to a 
low level usually between 0.7 and 0.8 mao When this low 
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level remained constant, the run was complete. The 
material was drained from the column, analyzed by a uv 
analyzer at wave length 254 nm and collected in 3 ml 
volumes. The fraction col lector was operated in con-
junction with a drop counter, model 6000 F (Instrumentation 
Specialties Company, Inc., Lincoln, Neb.). The pH of 
each tube was taken with a pH meter, model 9604 (Beckman 
Instruments Division, Fullerton, Cal if.) using a long 
narrow combination electrode, model 4858-L60 (Arthur H. 
Thomas Co., Philadelphia, Pa.). 
V. DISC ELECTROPHORESIS 
Electrophoresis was carried out by the methods of 
Ornstein (1964), Davis (1964), and Dietz et al. (1969) 
using a disc electrophoresis assembly, model 12 (Canal 
Industrial Corp., Rockville, Md.). The acrylamide 
concentration was 7.5%. The protein bands were stained 
with amidoschwartz and the gel was destained electro-
phoretically in a destaining tank, model 1801 (Canal 
Indistrial Corp., Rockvi lle, Md.). 
V I. IMMUNOELECTROPHORES IS 
A modification of the method described by Zaman 
(1968) was used. SI ides were coated with a 2% solution 
of Nobel agar (Difco Laboratories, Detroit, Mich.) in 
distil led water. The matrix for immunoelectrophoresis 
was 1% Nobel agar made in the following buffer: 
Na2HP04 
NaH 2P04 . H20 
Distilled water 
6.39 g 
1 .38 g 
to 1 1 i te r 
A plastic sl ide frame (Gelman Instrument Co., Ann 
Arbor, Mich.) was filled with six s1 ides. Each group 
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of 3 sl ides was covered with 15 ml of melted 1% washed 
Nobel agar. The troughs and wells were cut with a punch 
set, model 51449 (Gelman Instrument Co., Ann Arbor, Mich.). 
The wells were filled with the sample solution and 
electrophoresed at 4 ma per sl ide for 11 hours (or 3 ma 
per sl ide for 2 hours) using an electrophoresis chamber, 
model 51170 (Gelman Instrument Co., Ann Arbo r , M i ch. ). 
The tank buffer was made as fo 11 ows: 
Na 2HP0 4 12.78 g 
NaH 2P0 4 H2O 2.76 g 
Distilled water to 1 1 iter 
The power source was a regulated d-c power supply, model 
R Duostat (Spinco Division, Beckman Instruments Inc., 
Belmont, Cal if.). The troughs were fil led with the 
antisera and incubated at room temperature in a humidity 
chamber for 24 to 48 hours. The sl ides were stained 
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according to Crowle's (1961) triple stain procedure for 
protein. 
V I I . I MMUNOD I FFUS ION 
The double diffusion technique used was patterned 
after that of Ouchterlony (1958). Nobel agar was made 
in distilled water. When the double diffusion plates 
were to be poured, the 2% agar was diluted 1:2 in the 
following buffer: 
Na 2HP04 12.8 g 
NaH 2P04 2.6 g 
Sodium azide 1.0 g 
Distil led water up to 500 ml 
Small plastic petri dishes (12 x 50 mm) each 
received 6 ml of melted agar. The desired hole pattern 
was then cut in the agar. Usually six smaller wells 
surrounded a central well. The peripheral well diameter 
was 7 mm. The central well measured 9 mm. The distance 
between the outer and central wells was 10 mm. Several 
variations of hole patterns and sizes were used. After 
the wells were fil led with reactants the plates were 
incubated in a humidity chamber at either room temperature 
or 4 c. 
A variation of the double diffusion as described by 
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Preer (1956) was also used. A volume of 0.1 ml of anti-
sera was put in the bottom of a 5 x 50 mm test tube. 
This was overlayed with 0.1 ml of 0.6% Nobel agar in 
phosphate buffered sal ine (pH 7,0). After the agar 
sol idified, 0.1 ml of the antigen solution was layered 
on top. The tubes were incubated at room temperature. 
VI I I. PREPARATION OF ANTISERA 
A. Inoculum. 
Actively growing bacilli from a 3-week old culture 
of H37Ra were suspended in distilled water. The optical 
density of the suspension was adjusted to 10% trans-
mittance on a Coleman Jr. spectrophotometer, model 6A 
(Coleman Instruments Inc., Maywood, 111.). These 
organisms were later mixed with cell extract (see below) 
and injected into animals. 
Cell extract was made from phenol killed bacilli by 
washing them four times in distil led waterand subjecting 
them to cell disruption procedures. Four g (wet weight) 
of washed bacill i were suspended in 4.0 ml of sal ine 
in a 20 x 150 mm screw capped test tube containing 
approximately 20 glass beads (5.0 mm in diameter). The 
tubes were vibrated in a Vortex mixer, model K-500-2 
(Scientific Industries Inc., Springfield, Mass.) for 2 
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hours then centrifuged at 3000 RPM for 30 minutes. The 
resulting supernate was considered cell extract. 
Five m1 of the suspended 1 iving baci11 i were mixed with 
5 ml of cell extract and 5 m1 of Freund's incomplete 
adjuvant. This mixture was homogenized using an ultra 
sonifier, model B10-ll (Bronwill Scientific, Rochester, 
N. Y.) at 20,000 cycles per second for 2 minutes. 
B . I mm un i z at ion S c he d u 1 e . 
Adult male albino rabbits were used. Each received 
a 1.0 ml injection subcutaneously in the back of the neck 
and ~ ml injections into the footpads of each hind foot. 
At 10 weeks each rabbit again received 1.0 ml of the 
inoculum subcutaneously in the back of the neck. One 
week later, following test-bleeding, the antisera were 
collected. 
The inoculum injected into the rabbit was also 
injected into a goat. One ml of the inoculum was injected 
subcutaneously into the hock of each hind leg. One ml 
was injected subcutaneously at the shoulder. This 
injection series was repeated at I and 10 weeks. At the 
10 week injection period 1.0 ml of the inoculum was 
also injected intramuscularly in a hind leg. Three weeks 
after the last injection, the serum was collected. 
IX, SKIN TESTING 
Adult Hartley strain guinea pigs were injected 
subcutaneously in the back of the neck with 1,0 ml of 
inoculum containing 1 mg of 1 ive tubercle bacil Ii 
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(M. tube rcu 1 os iss t r a in H3 7Ra) . The b ac ill i we re taken 
from Lowenstein-Jensen agar slants after 2 to 3 weeks 
growth at 37 C. In 3 weeks the guinea pigs were ready 
to be skin tested. The flanks were plucked and cl ipped. 
A volume of D.l ml of each antigen to be tested was 
injected intradermal1y. The skin test was read at 5, 24, 
and 48 hours. The diameter of the reaction was recorded 
as mm of erythema. 
X. CHEMICAL ANALYSIS 
A. Protein Determination. 
Protein concentration was determined using the 
technique of Lowry as described by Wil I iams and Chase 
(1967). An alkal ine copper tartrate solution was added 
to 0.2 ml of protein sample. The reaction proceeded 
at room temperature for 15 minutes; the Fol in-Ciocalteau 
reagent (Van Waters and Rogers, Inc., Salt Lake City, Utah) 
was then added with vigorous mixing. After 30 minutes 
the reactions were read on a model DU spectrophotometer 
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( Be c km a n Ins t r u me n t s, Inc., F u 1 1 e r ton, Cal if.) at w a ve -
length 750 nm. The protein standard was human serum 
albumin. 
B. Carbohydrate Determination. 
The concentration of carbohydrate in the samples 
was determined using the anthrone reaction (Koehler, 1952). 
The anthrone reagent was added to 2.5 ml of sample. The 
test tubes were incubated in a boil ing water bath and then 
cooled. The reaction was read in a Coleman Jr. spectro-
photometer at wavelengths 540 and 600 nm. The standard 
used was glucose. 
EXPERIMENTAL RESULTS 
I. ANALYSIS OF WHOLE CULTURE FILTRATE 
After the culture filtrate was pervaporated to 
0.1 of its original volume, it was dark brown in color 
with a syrup-l ike consistency. The protein concentration 
was 8.0 mg/ml. Carbohydrate was present in a concen-
tration of 7.6 mg/ml. By immunodiffusion analysis the 
culture filtrate produced 10 precipitin 1 ines when 
reacted against rabbit or goat anti-H37Ra sera (Figure 1). 
Eight precipitin 1 ines were seen in immunoelectrophoresis 
(Figure 2). 
I I. SEPHADEX G-200 CHROMATOGRAPHY 
A volume of 16.0 ml of whole culture filtrate 
having a protein concentration of B.o mg/ml was put on 
the column. Two peaks were eluted (Figure 3). The 
first peak came off with the void volume. The second 
peak was completely eluted after 570 ml. These results 
suggest that the first peak contained high molecular 
weight components. These should be of bacterial origin 
since the molecular weights of the culture medium 
ingredients were all below 250. The second peak con-
tained bacterial products which were lower in molecular 
Fig. 1. The c e nte r we ll con ta in ed H37Ra culture 
f iltrat e . The t op two we I I s contained 
rabb i t ant i-H 37Ra . Th e bott om we I Is 
cont a in e d goat anti - H3 7Ra . 
Fig. 2. The well cont a ine d H37Ra cu lture fi l trate. 
The trou ghs con ta ine d goat a nt i-H37Ra. The 
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weight than those in the first peak; undoubtedly some 
of the original ingredients of the culture medium were 
also present. The peaks were concentrated by pervaporation 
and subjected to further analysis. 
Six precipitin lines were seen when the first peak was 
analyzed by immunoelectrophoresis (Figure 4). Three com-
ponents were anodic, I was neutral, and the fifth and sixth 
components were cathodic. In immunodiffusion, 7 bands were 
seen (Figure 5). Not all the precipitin I ines were visible 
in the pictures. Since such a smal I sample volume was 
used in immunoelectrophoresis, it may be that one of 
the serologically reactive components was not present in 
high enough concentrations to produce a demonstrable 
precipitin band. A greater volume was used In Immuno-
diffusion which may be the reason the extra band was 
seen. Disc electrophoresis of the first G-200 peak 
detected 5 protein components as seen by staining with 
the amidoschwartz protein stain (Figure 6). The second 
G-200 peak also contained several serologically reactive 
components as did the material between the 2 peaks. All 
3 areas (peak I, the area between peaks, and peak 2) 
contained overlapping components. That is, the area 
between the 2 peaks shared components with both peak 
and peak 2. Peak I and peak 2 also shared some components. 
Fig. 4. The weI I contained 
of Sephadex G-200. 
rabbit anti-H37Ra. 
left. 
material from peak one 
The troughs contained 
The anode was to the 
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Fig. 5. The top weI Is contained peak 1 from Sephadex 
G-200. The bottom wells contained DEAE 
peak I. The center we] 1 was fil led with 
rabbit anti-H37Ra. 
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Fig. 6. Disc electrophoresis of Sephadex G-200 peak I. 
The stain was amidoschwartz. The anode was 
down. 
I I I. DEAE SEPHADEX CHROMATOGRAPHY 
The first Sephadex G-200 peak was concentrated by 
pervaporation from 110 ml to 15 mI. A volume of 13.0 
ml was put on the DEAE Sephadex column. 
were eluted (Figure 7). The first peak 
Three peaks 
came off while 
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the pH of in-going "wash buffer" (0.01 molar phosphate) 
went from 8.1 to 7.0. The second peak was eluted after 
the buffer was changed to 0.3 M NaH2P04' The third 
came after the 0.3 M NaH2P04 was made 1.0 molar in NaCl. 
When the run was completed some chromogenic material 
remained adsorbed to the top of the Sephadex bed. This 
material would not come off with subsequent elution 
with any of the described buffers. 
The 3 DEAE peaks were subjected to immunoelectro-
phoresis (Figure 8). DEAE peak I produced a strong 
band and one weak band. Both were located at the 
cathode end of the sl ide. No bands were seen with the 
material of the second peak. 
The thi rd peak yielded 1 anodic 1 ine. Immuno-
diffusion demonstrated 1 precipitin line for the first 
peak, none for the second and 2 1 ines for the third 
peak (see Figure 5 for the first peak and Figure 9 for 
the second and third peaks). When analyzed by disc 
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Fig. 8. The well in the top diagram contained DEAE 
peak I. The well in the bottom diagram 
contained DEAE peak III. The troughs were 
filled with rabbit anti-H37Ra. The anode 
was to the left. 
Fig. 9. The center well was filled with rabbit anti-
H37Ra. The top wells contained DEAE peak 1 I. 
The bottom wells contained DEAE peak III. 
Fig. 10. Disc electrophoresis of DEAE peaks I, 1 I, and 
III; amidoschwartz stain. 
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electrophoresis DEAE peak I was seen to have 1 band, 
peak II, surprisingly, had 5 bands. Peak III had 2 bands 
( Fig u r e 1 a ) . A 1" we res t a i ned wit h am i do s c hw art z . 
IV" ISOELECTRIC FOCUSING 
The 3 DEAE peaks were concentrated by pervaporation 
and subjected to isoelectric focusing. The concentrated 
DEAE peak I contained 120 ug of protein per ml. A volume 
of 21 ml containing a total of 2.62 mg of protein was 
put on the focusing column. The pH range of the ampho-
lytes used was from 3.0 to 10.0. The anode was at the 
bottom of the column; the cathode was at the top. The 
record of a typical run is seen in Table 1. When the 
run was completed, the material coming from the column 
was analyzed by the uv analyzer. Three peaks were seen 
(Figure 11). The pH gradient IS seen on the graph. The 
closeness of the peaks at the cathode indicated that a 
more narrow pH range should be used. Therefore peaks 
2 and 3 were pooled and put on a column having a pH 
range of 7.0 to 10.0. The polarity was reversed in 
comparison to the initial focusing run, i.e., the cathode 
was at the bottom and the anode was at the top. The 
pooled material from peaks 2 and 3 was treated the same 
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TABLE 1. Record of a Typical 
Isoe1ectric Focusing Run 
Time Volts ma?'- Watts 
3:00 pm 400 6.00 2.40 
4:00 pm 400 6.00 2.40 
11: 00 am 420 1 .60 0.67 
12:00 pm 430 1 .40 0.60 
3:00 pm 420 1.30 0.56 
10:00 am 430 0.75 0.32 
12:00 am 430 0.75 0.32 
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Fig. 11. Isoe1ectric focusing run number I. DEAE 
peak number I was focused. The pH range 
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~oelectric focusing run number I I. The pooled 
peaks 1 and 2 from electrofocusing run number 
I were focused. The pH range was from 7.0 
to 10.0. 
0... 
using the more narrow pH range, greater separation was 
achieved (Figure 12). 
DEAE peak I I was focused on a column with a pH 
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range of 7.0 to 10.0. In this and all subsequent runs, 
the cathode was at the bottom. Three peaks were observed 
(Figure 13). The second peak was very broad, therefore 
it was put on a focusing column having a pH range of 5.0 
to 8.0. Several peaks were seen (Figure 14). 
DEAE peak I I I was focused on a column with a pH 
range of 3.0 to 10.0. The resulting peaks were of low 
amp 1 i t u de, but we r ewe 1 1 s epa rat e d (F i g u r e 1 5 ) . The 
entire eJectrofocusing scheme is seen in Figure 16. 
In order to avoid confusion, a code name was given 
to each peak from isoe1ectric focusing. Given the symbol 
I - EF I - 3: 
from DEAE peak I 
EF = isoelectric focusing run number J 
3 = the third peak of focusing run number 
For clarification see Figure 17. 
The tubes within each peak were pooled. This material 
was dialyzed for 7 days against 1/15 molar phosphate buffer 
(pH 7.0) containing 1.0% sodium chloride. The buffer was 
changed every 24 hours. When the dialysis was completed, 
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Fig. 13. Isoelectric focusing run number III. DEAE 
peak I I was focused. The pH range was from 
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Fig. ]4. Isoelectric focusing run number IV. The middle 
pea k from e 1 e c t r 0 f oc us i n g run numb e r I I I was 
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Fig. 15. Isoelectric focusin run number V. DEAE 
peak I I I was focus The pH ran was 
from 3.0 to 10.0. 
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Fig. 16. Diagrammatic electrofocusing scheme of DE peaks I, II and III. V1 
o 
peak 1 (I - EF I - 1) ~ ~peak 
DEAE peak I - EF I ~peak 2]_ ... EF II ~peak 2 (I _ EF II _ 2) 
peak 3 
(I - EF I I - 1) 
peak ( I 
peak ( I I - EF I I I - 1) L k 2 (I 
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DEAE peak ! I ______ EF I I I peak 2 • EF IV ~ ( 
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DEAE peak III--EF V ~peak 2 (III - EF V - 2) 
"peak 3 (I I I - EF V - 3) 
Fig c 1 7 . S c heme 0 f nom en c 1 at u r a 1 ref ere nee. 
EF I V - 1) 
EF IV - 2) 
EF IV - 3) 
EF IV - 4) 
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V. ANALYSIS OF ELECTROFOCUSING FRACTIONS 
The dialyzed fractions were tested for precipitinogen 
and sensitin activity. The results are seen in Table 2. 
The protein concentrations used to skin test the guinea 
pigs were the same as those seen in the Table. The 
isoelectric points of the fractions were considered to 
be equal to the pH of the material at the apex of each 
peak. The isoelectric points of the proteins within the 
peaks found at either the extreme anode or the extreme 
cathode could not be considered equal to the pH of the 
material in the tubes. If a protein had an isoelectric 
point higher or lower than the extreme ranges of the 
column, it would be found at the cathode or anode but 
would not have been focused at its true isoelectric 
point. Consequently, the isoelectric points 1 isted are 
not all true isoelectric points. 
The skin test reactions shown in Table 3 are the 
mean diameters of the reactions from 14 sensitized guinea 
pigs. Each guinea pig received 9 intradermal 0.1 ml 
injections including 1 injection of PPD-S (purified 
protein derivative from M. tuberculosis). The PPD-S 
had a protein concentration of 5.0 ug/ml. Three normal 
animals were also tested. Only fraction II - EF III - 3 
TABLE 2. Analytical Data on Electrofocusing Fractions 
Fraction Protein Carbohydrate Approximate Sensitin Precipitinogen 
number conc. cone. isoelectric activity activity 
ug/ml ug/ml point 
- EF I - 1 57 1 .4 neg. 2 1 i nes 
- EF I I - 32 9.6 neg. 1 i ne 
- EF I I 
-
2 54 8.6 neg. neg. 
I I - EF I I I 
-
66 10.1 neg. 1 i ne 
I I - EF I I I - 3 93 37.4 2.9 pos. 3 1 i nes 
I I - EF IV - 73 9.6 neg. neg. 
I I - EF IV - 2 302 5.7 neg. neg. 
I I - EF IV - 3 362 4.8 neg. neg. 
V'1 
W 
TABLE 3. Reaction of Sensitized and Normal Guinea Pigs to 
Intradermal Injections of Fractions 
Protein Sensitized Normals 
Fraction cone. mean diam. in mm mean diam. in mm 
number ug/ 1 (14 pigs) (3 pigs) 
5 hr 24 hr 48 hr 5 hr 24 hr 48 hr 
- EF I - 1 57.0 2.8 0.3 0.0 3.3 1.4 0.0 
- EF I I - 1 32.0 6.3 1.7 0.2 5.7 2.3 1 .7 
- EF I I - 2 54.0 3.8 0.5 0.0 5.3 2.0 0.0 
I I - EF 'I I - 1 66.0 0.7 0.2 0.0 2.3 0.0 0.0 
I I - EF I I I - 3 93.0 10.3 9.0 4.3 9.0 4.7 1 . 7 
I I - EF I V - 73.0 2.7 0.4 0.0 2.7 l.4 0.0 
I I - EF I V - 2 302.0 2.8 1 .3 0.0 0.0 0.0 0.0 
I I - EF I V - 3 362.0 5.5 4.4 1 .1 4.3 4.3 2.3 




was strongly positive. This fraction also possessed 
toxicity for normal animals. However statistical analysis 
using a Iltll test for nonpaired data, indicated that the 
24 and 48 hour reactions of sensitized guinea pigs to 
this fraction were significantly greater at a probability 
level of .01, than the reactions of the normal animals. 
Previous experience with chromatographic fractions has shown 
that toxicity can sometimes be removed by dialysis. 
Therefore fract ion II - EF III - 3 was subjected to further 
dialysis in an ultrafiltration cell, model 52 (Amicon 
Corp., Lexington, Mass.). A membrane was used which passed 
only molecules smaller than 10,000 in molecular weight. 
After being dialyzed the u1trafiltered fraction was 
tested again for its sensitin activity. Nine sensitized 
and 10 normal guinea pigs were used. The results of this 
test are recorded in Table 4. The results of the previous 
skin test were substantiated, that is, the fraction had 
a specific sensitin activity and some nonspecific toxicity. 
For some time it was thought that this fraction was not a 
precipitinogen. Finally by using Preer1s (1956) double 
diffusion method, precipitinogenic activity was demonstrated. 
Subsequently, 3 bands were seen in immunoelectrophoresis. 
The fraction was also found to fix complement. 







.,'c P .01 
TABLE 4. Skin Test Results of Injecting Sensitized 
Normal Guinea Pigs with Fraction II - EF III - 3 
5 hour 24 hour 48 hour 
Avera Average Average 
reading reading reading 
in mm in mm in mm 
1 2. 55 + 4. 1 5''\ 18.11 + 3.16 16.22 + 4.03 




demonstrated precipitinogenic activity. The precipitino-
gens in peaks - EF I - 1, I I - EF I I I - 1, and 
II - EF III - 3 were all detected by immunoelectrophoresis 
(Figure 18). The precipitinogen in peak I - EF II -
was demonstrated by immunodiffusion (Figure 19). As with 
previous material, 3 of the fractions were seen to contain 
precipitinogens which did not act as sensitins. One 
fraction contained material which demonstrated the activity 
of both a sensitin and a precipitinogen. Four fractions 
contained neither precipitinogens nor sensitins. One of 
the fractions (I - EF IV - 4) was not analyzed. 
The activity of the material in the peaks from the 
e 1 e c t r 0 f 0 c u sin g run numb e r Vis not know n . I n i mm uno-
diffusion a nonspecific cloudy precipitate appeared 
which obscured any precipitin 1 ines which might have 




Fig. 18. Diagram of immunoelectrophoresis of the 
isoelectric focusing fractions. Top: 
peak I I - EF I I I - 1. Middle: peak 
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I - E F I - 1. Bot tom: pea k I I - E F I I I - 3. 
The troughs contained goat anti-H37Ra. The 
anode was to the left. 
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o 
o 0\0 2 
o 0 
Fig. 19. The center well was filled with rabbit 
ant i - H 3 7 R a . The fir s t t vJ 0 we 1 1 s con-
tained peak 1- EF II - 1. 
DISCUSSION 
As noted by others and as has been describ here, 
the culture filtrate of M. tuberculosis, strain H37Ra, 
contains numerous antigenic factors. It seems feasible 
and has n shown by other workers that these components 
can be separated. The components diffuse at different 
rates through agar gel in double diffusion tests. 
This variation In diffusion rate shows that the com-
ponents differ in molecular size. The results of immuno-
electrophoresis indicate that the conlponents also vary 
in their electrophoretic mobil ity. Also, the protein 
components would likely differ with respect to their 
isoelectric points. 
The fractionating action of Sephadex G-200 depends 
upon a mixture of constituents within a sample which 
vary In molecular size. Molecules differing from one 
another in their electric charge and in their isoelectric 
points can be separated by ion exchange chromatography 
and isoelectric focusing. It has been sug sted by 
some that column chromatography is not a useful tech-
nique because the resulting fractions contain over-
lapping antigens. Such overlapping was seen In the 
results of the work reported here as well as in other 
reports (Knicker~ 1965). However, fewer antigenic 
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components were found in S hadex G-200 peak number 
than were contained in the whole culture filtrate. 
After DEAE chromatography~ some fractions contained as 
few as 2 components. These observations indicate that 
these 2 types of column chromatography are useful at 
least as preparatory steps to a third method with higher 
resolving power. When the 3 fractions obtained from 
ion exchange chromatography were subjected to isoelectric 
focusing, 12 peaks were detected by a uv analyzer at 
wavelength 254 nm (Figure 16). This wavelength should 
detect both proteins and nucleic acids when they are 
present in the eluate. Three of the peaks were not 
extensively analyzed due to a nonspecific precipitation 
reaction. Of the 9 remaining peaks, 4 contained antigen-
ical ly active material. All 4 of these active peaks 
contained precipitating antigens as demonstrated either 
by immunodiffusion or by immunoelectrophoresis. In 
examining the 4 active peaks, it was observed that peaks 
I - EF II - 1 and II - EF I - 2 each contained a single 
precipitinogen. Neither of these peaks contained a 
sensitin. Peak I - EF I - 1 contained 2 precipitinogens 
but did not contain a sensitin. Finally peak II - EF II [ -
3 contained 3 precipitinogens and also contain material 
which possessed sensitin activity. The sensitin is 
1 ikely to be one of the precipitinogens. Peak I I -
EF III - 3 also contained a component which displayed 
toxicity to normal guinea pigs in the skin test. It 
is not known whether this toxic component was present 
in the original culture filtrate or whether it was 
picked up during the fractionating process. 
It was not demonstrated that the precipitinogens 
found in the peaks from electrofocusing were non-
identical in the double diffusion test. Only peak 
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II - EF III - 3 contained strong precipitinogens. The 
other precipitinogens did not form a strong enough 
precipitin 1 ine to prove non-identity. The protein con-
centration of peak II - EF III - 3 was 93.0 ug/ml as 
compared to 66.0 ug/ml for peak II - EF III - 1 which 
contained one precipitinogen. Since the difference in 
protein concentrations was relatively sma1 1, the 
difference in potency is further indication that the 
molecules were not the same. The observation that only 
one of the peaks contained material with sensitin activity 
IS also evidence that some separation was achieved. 
There may be some question as to whether the potency 
of one substance as a sensitin can be compared to the 
potency of another when the protein concentrations are 
unequal, as they were in the skin test reported in 
Table 2. However it was not the purpose of this test 
to compare potency but simply to determine activity. 
PPD-S was used in a concentration much lower than any 
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of the fractions tested. Since skin test activity has 
been shown to be re 1 ated to p rote in concen t rat ion, it 
would be expected that a sensitin of higher concentration 
than PPD would give at least some indication of activity 
when used to skin test sensitized animals. Another 
argument is that the sensitivity of the skin test is 
100 to 1000 times greater than the sensitivity of immuno-
diffusion or immunoelectrophoresis (Boyd, 1966). There-
fore, if the substances in question did have sensitin 
activity, they should have been detected more readily 
in the skin test than in immunodiffusion or immuno-
electrophoresis. For these reasons it is felt that the 
test to detect sensitin activity was a val id one. 
The most encouraging results are found in the 
ob s e r vat i on t hat pea k s I - E F 1 I - 1 an d I I - E F I I I - 1 
were seen to contain single precipitating antigens. 
The 4 peaks which were not active may be explained 
In one of several ways: 1) there may be an antigenically 
inactive protein or nucleic acid present; 2) the activity 
may not have been detected by the techniques used; 3) 
the peak may be an artifact, for when the electrofocusing 
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column is operated without a sample, some peaks do appear. 
However they are usually lower in ampl itude and more 
spread out than the electrofocusing peaks seen in these 
experiments. 
The first peak from Sephadex G-200 contained 
several serologically reactive components as was seen 
in immunoelectrophoresis. When this material was 
subject to ion exchange chromatography, the cathodic 
materials should have been eluted first, the neutral 
components second, and the anodic components last. In 
this experiment both cathodic and anodic components were 
eluted from the ion exchange column. It was observed 
however, that not all of the components put on the column 
were found in the eluted peaks. It is assumed that this 
lost material was that which remained adsorbed to the 
gel and would not elute from the column. 
One would expect that the components found at the 
anode in electrofocusing would also be found at the 
anode in immunoelectrophoresis. This was not true in 
some cases. The components of peak I I - EF I I I - 1 
which were found at the cathode in the electrofocusing 
run were also at the cathode in immunoelectrophoresis 
but, the components of peaks - EF I - 1 and I I - EF I I I -
3 were focused at the anode in the electrofocusing column 
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and found at the cathode end of the immunoelectrophoresis 
sl ide. One possible explanation is that the molecule 
may have been altered in some fashion during the time 
between electrofocusing and immunoelectrophoresis. 
Seibert (194la) states that during the concentration of 
culture filtrate materials, denaturation of proteins 
occasionally occurs. This can result in the polymeri-
zation of the denatured molecules. Though less potent 
the polymer can retain its antigenic activity. It seems 
possible that a change in electrophoretic mobil ity could 
occur as well as a change in size. Another possibil ity 
is that a serologically reactive, electrically neutral 
factor was present throughout the column. This factor 
could have been present at the cathode as well as the 
anode. When this factor was electrophores in immuno-
electrophoresis, non-electrical forces may have carried 
it toward the cathode. 
The chemical characteristics of the fractionated 
components are not known completely. All were seen to 
react positively to the Lowry protein determination 
with a protein concentration ranging from 32.0 ug/ml 
to 362.0 ug/ml. Surprisingly the peaks with the 
highest protein concentration were inactive antigenically. 
A carbohydrate determination was performed only on the 
peak possessing sensitin activity. Ideally the con-
centrations of carbohydrate and nucleic acids would 
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have been determined on all of the peaks. Unfortunately 
the volume of each peak was not great enough to do much 
more than was required to examine the materials for their 
activity as sensitins and precipitinogens. It is 
proposed that in the future that greater volumes of 
culture filtrate will be appl ied to gel filtration 
and ion exchange columns so that larger samples wil I be 
available for electrofocusing. 
Seibert states that the proteins which possess 
sensitin activity found in the culture filtrate of 
M. tuberculosis range in size from 17,000 to 32,000 
(Seibert, 1941b). This would seem to contradict results 
reported in this thesis. All the components examined 
herein were eluted from the Sephadex G-200 column with 
the void volume, therefore, they should be greater in 
molecular weight than 32,000. The exclusion 1 imits 
determined for Sephadex G-200 are 200,000 for poly-
saccharides and 800,000 for globular proteins. Seibert 
(1941b) indicates that nucleoprotein and mucoproteins 
also exist in culture filtrate. These could be high 
in molecular weight. The factors studied in this work 
could be large molecular weight proteins {not among 
Seibert's sensitin active proteins), polysaccharides, 
mucoproteins, and nucleoproteins. 
Most investigators who have attempted to isolate 
mycobacterial antigens, usually obtain only 1 or 2 
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purified components (Yoneda and Fukui, 1965; Pickett et al., 
1968; Daniel and Ferguson, 1970). Such has been the 
case with this work. However only the first peak from 
Sephadex G-200 was investigated. It is anticipated 
that when a similar process is appl ied to the materials 
present in the second peak, more components will be 
isolated. 
An inconsistency occurred during this investigation 
which should be discussed. The material in the second 
peak from ion exchange chromatography did not react with 
the ant isera, yet 5.protein bands .were seen in disc 
electrophoresis. A possible reason could be that the 
5 protein substances were not serologic :lly active; 
however, when the same fraction was electrofocused, 2 
of the resulting peaks contained serologically active 
material. It appears that the activity of the DEAE 
peak simply was not detected. Possibly the material was 
not in high enough concentration in the negative tests. 
As a result of this work it is bel ieved that iso-
electric focusing can be useful in isolating and purifying 
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~ycobacterial antigens. However 2 problems have been 
encountered which should be further discussed. The 
ampholytes present in the electrofocusing fractions 
react in protein determination tests. These ampholytes 
are not easily removed. After an ampholyte solution 
was dialyzed for 7 days, some ampholyte still remained 
in the tubing. It has been reported (Vesterberg, 1969) 
that a Sephadex G-25 column will remove the ampholytes 
from the sample provided the sample proteins are longer 
than the ampholytes. But if the protein concentration 
is low, this procedure will further dilute the protein 
making it difficult to detect as it comes from the 
column. Ultrafiltration may be the solution. Since 
these ampholytes have a molecular weight less than 1000 
a membrane could be used which will pass the ampholytes 
and retain the protein. 
Another problem with isoe1ectric focusing is the 
frequent appearance of a precipitate as a broad band 
within the column. It is not known whether this preci-
pitate is a specific protein that precipitated at its 
isoelectric point or whether it is nonspecific in nature. 
The precipitate appears at the top whether the anode 
is up or down; and it slowly sinks toward the bottom 
of the column. It seems less 1 ike1y to appear when the 
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prote~n concentration of the sample is low. When 70 mg 
of culture filtrate was focused, a heavy precipitate 
appeared. However, a DEAE peak containing 0.65 mg of 
protein did not form a precipitate. Assuming that 
protein concentration is the critical variable, then the 
optimal load should be somewhere between 0.65 mg and 
70.0 mg. This may be true only for this system. The 
electrofocusing instruction manual states that 25 mg of 
each separate protein can be present in the sample put 
on the column, i.e., if a sample contained five separate 
proteins, then the total amount of protein put on the 
column could be as high as 125 mg. This is a maximum 
load however, and not recommended for high resolution 
separation. Adding urea to the sample decreases the 
tendency for the precipitate to form, but high concen-
trations of urea may alter the sample proteins. 
Although certain problems have to be resolved, 
isoelectric focusing appears to be a useful and sensitive 
method for the separation of mycobacterial antigens. 
SUMMARY 
Culture filtrate of M. tuberculosis strain H37Ra 
was subjected to several methods of fractionation. Gel 
filtration chromatography using Sephadex G-200 separated 
the culture filtrate into 2- distinct fractions. The 
first fraction containing 7 serologically reactive com-
ponents, as demonstrated by immunodiffusion, was 
subjected to ion exchange chromatography using DEAE 
Sephadex. Three separate fractions were eluted. The 
first fraction contained 2 factors detectable by immuno-
diffusion. The components in the second fraction were 
not detectable by immunodiffusion or by immunoelectro-
phoresis but disc electrophoresis demonstrated that 5 
proteinaceous components were present. The third DEAE 
peak contained 2 serologically reactive components. 
When the 3 DEAE fractions were each separated on an 
isoelectric focusing column, 12 fractions were obtained. 
Of these 12 fractions, 4 were not further analyzed, 4 
contained antigenica11y active compounds, and 4 did not 
contain active material. Of the 4 active fractions, 
1 (I - EF I - 1) contained 2 precipitinogens and no 
sensitins; 2 of the fractions (I - EF 1 I - 1 and 
I I - EF I I I - 1) each contained 1 precipitinogen and no 
7 1 
sensitins; a fourth fraction (I I - EF I I I - 3) contained 
3 precipitinogens and also demonstrated sensitin activity_ 
A factor was present in this last fraction which displayed 
some toxicity for normal guinea pigs. Certain problems 
seen in isoelectric focusing remain to be solved but the 
results indicate that this technique used in conjunction 
with column chromatography is useful for the separation 
and isolation of mycobacterial antigens. 
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